With the existing and proposed installations of solenoid detector magnets and low-8 schemes, the original coupling compensation scheme in the ISR was no longer sufficiently versatile to provide adequate compensation under all conditions. A brief description of the new scheme, which was installed early in 1978, is given. This scheme can excite coupling vectors at any phase so that it is able to compensate solenoids and large localized quadrupole errors in low-0 schemes as well as random magnet tilts. The design of the scheme is also strongly influenced by the fact that there are no regions with zero horizontal dispersion in the ISR and the skew quadrupoles have to be specially arranged so as to avoid exciting vertical dispersion. The experience gained with this scheme and the methods used for measurement and correction of the machine are illustrated by practical examples.
Introduction
In the ISR, it is necessary to be able to compensate the linear, second-order, zero-harmonic, coupling In the above formulation of C, the origin of 0, lx and pz define the observer's position. A change of origin affects only the phase of C, i.e. I|C is constant for all observers. Although Clearly, the excitation of the vertical dispersion in eq. (3) can be wholly suppressed by situating the skew quadrupoles where apx = 0. By choosing positions with as nearly as possible n/2 difference in the phase term of eq. (2), C can be fully controlled. This strategy is very common, but unfortunately anx is never zero in the ISR and it is necessary to search for special quadrupole configurations.
Harmonic Method
This method3 allows control of both coupling and median plane tilt. In brief, it treats apz as a closed orbit distortion expressed as the sum of its harmonics in a form analogous to that used for closed orbits in Ref. 
m=0
Equations (4) and (5) For the ISR, this was best achieved by shifting two of the inner arc quadrupoles as shown in Fig. l.b) . With this layout of 7 series chains of 4 quadrupoles, a satisfactory scheme was calculated. Table 1 gives the calculated maximum apz inside the bumps and the residual values of apz and tilt at the intersections for |C| = 0.05. Since it is somewhat harder for the scheme to excite vectors along the imaginary axis, these maximum values generally occur at 900 in phase. shows the scheme to be correct within the measuring accuracy of ±0.001.
Once the individual circuits had been checked, the excitation of real and imaginary coupling vectors were tested in an analogous way ( Fig. 3 and Table 3 ). The vector B needed to correct the machine is shown as a dashed line.
It is only by chance that the bare machine vector in Ring 1 - Fig. 2 has the same phase as in Ring 2 - Fig. 3 . Without low-a and solenoid, Ring 2 had a bare machine vector at 11.50 with |CI = 0.007. This gives the effect of the low-8 scheme and the solenoid as a vector of amplitude |C| = 0.0049 at a phase of 920. rImaginary C
